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Comparing with the standard IMRT scenario, the most 
effective ART scenario was the one with six replannings, 
leading to a decrease of 4.94 Gy (12.22Gy max.) 
86 % of this benefit was obtained with 3 replannings only (at 
week 1-2-5). 
If only one replanning should be applied, it should be done at 
the first week. 
 
Conclusion: Each supplementary replanning leads to a 
decrease of the mean PG dose. 
Early replanning proved the most beneficial for sparing the 
PG. Considering the maximum benefit obtained with six 
replannings, almost 90% of this benefit was obtained with 
only three replannings (Weeks 1-2-5), thus representing an 
attractive combination for ART in locally-advanced HNC. 
 
Poster: Physics track: CT Imaging for treatment 
preparation  
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Purpose or Objective: MRI is increasingly applied for 
radiotherapy target delineation. Recent studies have 
demonstrated a possibility to omit CT imaging from the 
radiotherapy treatment planning workflow by developing 
methods enabling the entire process by relying on MRI only. 
The HU conversion technique has been shown to construct 
heterogeneous CT-representative (pseudo-CT) images for 
prostate cancer patients by transforming the intensity values 
of an in-phase MR image into HUs with separate conversion 
models for soft and bony tissues. The technique has been 
implemented into a routine MRI-only based radiotherapy 
treatment planning workflow in our clinic. This study aims to 
investigate whether the pseudo-CT construction technique 
could be adopted for different patient groups, also in 
different body sites in addition to the male pelvis. 
 
Material and Methods: The examinations were conducted by 
investigating the correspondence between the MR image 
intensity values and CT image HUs for different tissues. The 
data were applied to develop HU conversion models to 
transform the MR image intensities into appropriate HUs. In 
the absence of air cavities, the method was applied as a dual 
model HU conversion technique with separate conversion 
models within and outside of a bone segment obtained by 
atlas and threshold -based segmentation methods. An 
additional air segment was constructed in the presence of air 
cavities. An ultra-short echo-time sequence was applied to 
recognize boundaries between air and bone cortex with an 
intensity threshold. The constructed HU conversion models 
were employed with a medical image processing software, 
and applied for head (10 patients), pelvis (10), abdomen (2), 
and limbs (2). The obtained pseudo-CT images were tested by 
comparisons against standard CT images. The tests included 
evaluation of HU uncertainty and photon dose calculation 
accuracy. 
 
Results: The HU conversion technique enabled construction 
of heterogeneous pseudo-CT images for various body sites. 
The duration of MR image intensity value transformation into 
HUs was roughly 30 seconds for each image series. Figure 1 
shows examples of the resulted pseudo-CT images with the 
original MR images. Table 1 presents the local HU differences 
between those in pseudo-CT images and those in standard CT 
images. The target volume mean dose differences between 
those in pseudo-CT images and those in standard CT images 
were within 1% in all cases. 
 
 
 
 
Conclusion: The HU conversion technique can be adopted for 
various body sites to enable construction of heterogeneous 
pseudo-CT images for MRI-only based radiotherapy treatment 
planning. The conversion models should be adjusted for each 
site separately to improve pseudo-CT image quality; e.g. for 
abdomen. Further examinations are ongoing. 
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Purpose or Objective: The main drawback of CT is poor soft 
tissue contrast. This research aims to develop an accurate 
respiratory-correlated four-dimensional MRI (4D MRI) method 
analogous to 4D CT with a clinically relevant acquisition time 
and superior contrast for abdominal structures. 
 
Material and Methods: We developed a 4D MRI method by 
alternating a fast (0.6 seconds per 2D slice) T2-weighted 
turbo spin echo image acquisition (resolution: 1.3 x 1.6 mm²; 
5 mm thickness) with a 1D navigator acquisition. The 
navigator obtained the diaphragm position prior to each slice 
acquisition. The total acquisition was done continuously 
during free breathing for 6 minutes, covering multiple 
respiratory cycles and yielding 60 image frames per slice over 
a volume of 11 slices.  
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After acquisition, each image was coupled to a navigator 
signal and assigned to a respiratory bin with either phase or 
amplitude binning. A complete 4D MRI consisted of 110 
assigned image states (10 bins, 11 slices).  
For phase binning, bins are determined by dividing each end-
exhale peak to peak position into evenly distributed bins. For 
amplitude binning, bins were determined according to the 
navigator based breathing amplitude range. The range was 
defined per volunteer and divided into bins. The minima and 
maxima were the mean values of end-inhale and end-exhale 
amplitudes, respectively.  
The two strategies were used to reconstruct 4D MRI images 
for 5 volunteers (4 female, mean age 30 years) obtained on a 
3T scanner. The position and superior–inferior (SI) motion of 
the diaphragm were quantified by registering the diaphragm 
to the begin-inhale image of a series (bin 1). Sorting images 
into respiratory bins often resulted in multiple images 
assigned to the same state. From this set, the image with the 
median diaphragm position was selected for 4D MRI 
reconstruction. Sometimes, when no images could be 
assigned to a state, an incomplete 4D MRI resulted. 
The 4DMRIs were evaluated on data completeness (filled 
states of 4D MRI data set) and intra-bin variation of 
diaphragm position (mean standard deviation (SD) and 
maximum SD). The variation was calculated over all bins from 
3 central slices covering the largest diaphragm motion.  
 
Results: 4D MRI data sets were acquired using a T2-weighted 
sequence, facilitating abdominal tissue contrast. Figure 1 
shows for one volunteer the SI position of the diaphragm for 
all bins for one central slice, the selected median showing a 
representation of the respiratory motion. Table 1 summarizes 
mean and maximum SD of the intra-bin variation as well as 
data completeness. Phase binning resulted in a more 
complete (6.9%) dataset, whereas amplitude binning had 
lower variation (difference of 1.6 (3.5) mm for mean (max) 
SD). 
 
 
 
 
Conclusion: We demonstrated the feasibility of 4D MRI as an 
alternative for 4D CT by creating fast T2-weighted 4D 
volumetric images. The more accurate amplitude binning can 
lead to 4D MRI that can be implemented in the clinical 
workflow. 
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